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CENTRAL PATH OF SOLAR ECLIPSES VISIBLE IN
SOUTH AFRICA AS TOTAL OR ANNULAR ECLIPSES,
DURING THE TWENTIETH CENTURY.

By A. W. ROBERTS.
READ NOVEMBER 29, 1893.

During the twentieth century there will be thirty-two solar
eclipses visible in South Africa, in which the amount of the sun’s disc
obscured will be greater than one-tenth.

In fourteen of these the amount of eclipse will be greater than one-
half, and the purpose of the following paper is to give some particulars
concerning them. Of the fourteen eclipses dealt with, only four are
central in the Cape Colony :

Total eclipse, October 1, 1940 ;
Annular eclipse, January 14, 1945 ;
Annular eclipse, December 25, 1954 ;
Annular eclipse, January 25, 1963.

There are four other eclipses which cross South Africa between the
Zawmbesi and Orange Rivers, and accordingly are central north of the

Colony :
Annular eclipse, November 22, 1900 ;

Annular eclipse, March 17, 1923 ;
Annular eclipse, August 10, 1934 ;
Annular eclipse, April 18, 1977.

The central tracks of these eight eclipses are charted down in the
accompanying map. The unbroken line indicates the path of central
eclipse. Along this line, or within two or three miles on either side,
the duration of eclipse—annular or total, as the case may be—will be
greatest. The dotted lines mark the limits of total or annular eclipse.
Beyond these limits the eclipse will be a partial one, and the further
removed a place is from this zone the smaller the eclipse. In comput-
ing the positions from which the charts are drawn I have to acknow-
ledge my indebtedness to Oppolzer’s ¢ Syzygien-Tafeln fiir den Mond,’
Publication der Astronomischen Gesellschaft, No. XVI., and to
Dr. Mahler’s ‘Die Centralen Sonnenfinsternisse des XX. Jahrhunderts.’

An examination of the map indicates, generally, that all the ceniral
and southern portions of the Transvaal, the whole of the Orange Free
State, except a tract of country ten miles wide bordering on the Orange
River, all Griqualand West, Griqualand East, and British Bechuanaland ;
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all the divisions of Cape Town, Stellenbosch, Paarl, Piquetberg,
Tulbagh, Malmesbury, Hopetown, Philipstown, and Colesberg, as also
nearly all Pondoland, Barkly East, Riversdale, Robertson, and Worcester,
lie outside the track of total and annular eclipses.

While, on the other hand, Mashonaland, and a strip of country about
130 miles long and 20 miles wide, right in the centre of the Colony, in
which, however, there are no towns of any importance, will be visited
by no less than three central eclipses during the twentieth century.

The Eastern Provinces, it will be noticed, are more favoured than the
Western. Thus, through the lozenge-shaped district, of which the
points are Algoa Bay, Beaufort West, Burghersdorp, and Umtata River
mouth, all the four central eclipses visible in the Colony pass.

A look at the map will also yield the following particulars concerning
some of the principal towns in South Africa. Cape Town, Kimberley,
Bloemfontein, Pretoria, Johannesburg, Durban, Pietermaritzburg, and
Vryburg, lie out of the central track of all the eclipses. At these towns,
accordingly, all the eclipses of the twentieth century will be partial.
At Grahamstown and Port Elizabeth there will be one annular eclipse,
that of December 25, 1954. The people of Grahamstown, however,
may witness the total eclipse of October 1, 1940, by going out along the
Fort Beaufort road about ten miles, as the southern limit of totality
passes about five or six miles to the north of Grahamstown.

The people of East London, King William’s Town, Fort Beaufort,
Somerset East, Graaff-Reinet, Victoria West, Fraserburg, and Calvinia,
and many other central towns, will have two eclipses, one total, one
annular.

Three central eclipses, all annular, will pass over Fort Victoria.
These are some of the general facts to be gathered from a brief
examination of the map. It has been already said that fourteen eclipses
will be well seen in South Africa.

The central paths of eight of these cross the continent ; of the other
six, four pass the continent away to the south, and therefore are
visible in the Colony as partial eclipses, the amount of eclipse being
greatest near the south coast. The remaining two eclipses—May 18,
1901, May 9, 1929—1lie to the east of South Africa, and, accordingly,
these eclipses are nearly over before sunrise in the Colony.

It remains to be said that of the four eclipses whose central line
passes Africa out at sea, two come very near the coast, those of June 30,
1992, and November 3, 1994. These two eclipses, together with those
central in the Colony, are the only striking eclipses as far as the Colony
is concerned, during the next century.

Taking up all the fourteen eclipses, however, more in detail, the
following particulars concerning them may not be lacking in interest :
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(1) Annular Eclipse of November 22, 1900.

Soon after sunrise on the morning of November 22, 1900, there will
be an annular eclipse of the sun visible in the Colony as a partial
eclipse. In the Transvaal, Orange Free State, and Natal, the eclipse
will be greater than in the Colony, the Transvaal being especially near
the track of central eclipse. This central track lies across a portion of
the country not well known as yet.

Entering Africa at a point about 100 miles south of St. Paolo de
Loando at 5 h. 29 m. (G.M.T.) in the morning, it passes downwards
through the Barotse country and Mashonaland, finally passing off the
continent between the Island of Bazaruto and the mouth of the Sabi
River, at 5 h. 54 m., thus taking twenty-five minutes only to cross
Africa.

The breadth of the zone of annular eclipse is about 160 miles, and
the average duration of central eclipse five and a half minutes.

The central line through Mashonaland lies midway between Fort
Salisbury and Fort Victoria, both these places being within the zone of
annular eclipse. The eclipse will, however, be better seen, being more
central, at Fort Charter than either at Fort Salisbury or Fort Victoria.
The time of greatest eclipse at Fort Charter is 5 h. 45 m. (G.M.T.).

(2) Total Eclipse of May 18, 1901.

On the morning of May 18, 1901, a total eclipse will pass over the
southern point of Madagascar, and the islands of Bourbon and Mauritius.

The central line passes Madagascar a few miles south of Cape St.
Mary ; but as the zone of totality is about 130 miles broad, a portion
of Madagascar will lie within it.

The central line passes almost directly over Bourbon and Mauritius,
the total eclipse lasting for over three minutes at these places.

At Mauritius the eclipse will be greatest at 4 h. 3 m., morning
(G-M.T.).
- In Natal and the eastern districts the maximum phase will be over
before sunrise. In the Western Provinces the eclipse will be quite over
before sunrise ; indeed, at no place in South Africa will the eclipse be a
striking one.

(3) Annular Eclipse of March 17, 1923.

The central shadow of this eclipse enters Africa about twenty miles
north of Mercury Island at 1 h. 28 m. (G.M.T.). Its direction is then
east-north-east, passing between Great Namaqualand and Damaraland,
through the Kalahari Desert, passing sixty miles to the south of Lake
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Ngami, then through Matabeleland, about fifty miles northof Bulawayo,
right through Mashonaland (almost directly over Fort Charter), crossing
the Zambesi at its junction with the Shire River, and finally passing off
the continent at 2 h. 16 m. (G.M.T.).

The zone of annular eclipse is 220 miles wide and within it are :

Pl Time of Place Time of
ace. Max. Eclipse. ) Max. Eclipse.

G.M.T. G.M.T.

H. M. H. M.

Angra Pequina - 130 Fort Charter - - 2 8
Bulawayo - - 2 4 Fort Salisbury - 2 8
Fort Victoria - 2 8 Quilimane - - 2 14

In the Cape Colony the eclipses will be partial, but greater of course in
the Western than in the Eastern Provinces. In the former districts the
sun will be about two-thirds eclipsed, in the latter a half. The time of
maximum phase at Cape Town will be 1 h. 28, m. (G.M.T.).

(4) Total Eclipse of May 9, 1929.

The central shadow of this eclipse touches the earth at a point 460
miles south-east of St John’s River. Accordingly, at Pondoland and
in Natal the maximum eclipse will take place at sunrise. In the
Colony the amount of eclipse will be greatest at the sea-coast, and will
amount to a little over two-thirds of the sun’s disc. The eclipse will be
well seen at East London.

In all the Western Provinces the maximum phase will be over before
sunrise.

~

(5) Annular Eclipse of August 10, 1934.

The central shadow of this eclipse touches the continent at a point thirty
miles south of Mossamedes, at 7 h. 22 m. morning (G.M.T.). Its course
is then in the form of a curve almost touching the Zambesi near the
Victoria Falls, passing near the town of Bulawayo, where the middle of
eclipse takes place at 8 h. 13 m., and finally leaves the continent at
8 h. 34 m., at a point midway between Inhambane and the mouth of
the Limpopo. In the Transvaal the eclipse will be greater than in the
Colony, about 100 miles of country, forming a triangle between the
Limpopo River and the Longwe Mountains, being within the zone of
annular eclipse. In the Cape Colony the amount of eclipse will be
. about one half—greater in the eastern, less in the western districts.

At Johannesburg the time of maximum eclipse will be 8 h. 24 m.
(G.M.T.).
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(6) Total Eclipse of October 1, 1940.

This, as far as South Africa is concerned, is the most important
eclipse of the twentieth century, being the only total eclipse of the
sun visible in South Africa during the next hundred years.

The central shadow eunters the Colony at Zout River mouth at
2 h. 6 m. (G.M.T.), and leaves the Colony at 2 h. 15 m. at a point on
the coast fifteen miles north of the mouth of the Kei. Some idea
may be formed of the great swiftness with which the shadow sweeps
over the Colony by observing that it only takes nine minutes to cross
from west to east.

Some points on the central line of total eclipse are Zout River mouth ;
six miles south of Calvinia; eight miles north of Fraserburg; eight
miles south of Murraysburg ; six miles north of Graaff-Reinet ; summit
of Great Winterberg ; Bontebok Flats and Kei Bridge. Along this
line the duration of totality will be a maximum, varying from four
minutes in the west to three and a half minutes in the east.

The breadth of the zone of totality is 123 miles; that is, the eclipse
will be total at all places within sixty miles on either side of the
central line, but the duration of totality will be shorter the further
from the central line any place is.

Within the zone of totality are the following places :

Time [Duration Time |Duration
Town. of of Town. of of

Totality.| Totality. Totality.| Totality.

G.M.T. G.M.T.

H. M. M. H. M. M.
Hondeklip Bay -| 2 6| 15 |Bedford - -1 214 31
Clanwilliam -12 8| 20 |Tarkastadt- -1214 | 32
Calvinia - -12 8| 39 |Adelaide - -1215| 32
Sutherland - -12 9} 28 |Fort Beaufort 215 | 32
Fraserburg - -1’2 9] 39 |Seymour - -1 216 | 34
Fraserburg Road| 2 10 | 08 |Queenstown -1 215 | 28
Beaufort West -| 2 11 3:4 | Whittlesea - -1 215 34
Victoria West -| 2 11 2:8 |Lovedale - -1215 ] 32
Murraysburg -| 2 11 | 87 |Cathart - -1 215 | 84
Richmond - -1 211 2:3 | Peddie - -1 215 s
Aberdeen - -1 212 | 838 |Pirie - - -1215 | 82
Graaff-Reinet -| 2 12 37 | Stutterheim -1 216 | 34
Jansenville - -1 2183 | 22 |King William’s
Middleburg- -1218 | 24 Town - -1216| 30
Cradock - -1 213 35 |Komgha - -1 216 | 34
Somerset East -| 2 13 371 |East London -|2 16| 28
Maraisburg- -1213 | 25 |Butterworth -{ 2 16| 31
Cookhouse -  -| 2 14 | 33 }Idutywa - -|216| 28
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Outside the total zone the eclipse will be of necessity partial, but
all over the Colony it will be well seen, as almost at all places nine-
tenths at least of the sun’s disc will be obscured. It has already been
stated that the city of Grahamstown is just on the borderland of
totality. No doubt October 1, 1940, will be a general holiday when
the day comes, so that the citizens of Grahamstown may view the
only total eclipse of the century visible in the Colony.

For some of the other places the following table gives the amount
and time of greatest eclipse :

Amount | Time of Amount | Time of
Place. of Max. Place. of Max.
Eclipse. | Eclipse. Eclipse. Eclipse.'ﬁ'
H. M., H. M.
Cape Peninsula -| 94 | 2 8 | Kimberley - -1 9 211
Piquetberg -1 97 | 2 8 |Uitenhage and| 97 | 2 13
Swellendam -1 94 |2 9] Port Elizabeth -
Oudtshoorn -1 95 | 2 10 | Colesburg - -l 96 | 213
Mossel Bay -1 95 | 2 10 | Burghersdorp -| 97 |2 14
Worcester - -1 95 |29

(7) Annular Eclipse of Joanuary 14, 1945.

The central shadow of this eclipse will pass on to the earth at a
point where the Division of Woodhouse is turning to the sun’s light.
As the South Pole is turned to the sun, and the parallels of latitude
accordingly slope upwards, the shadow will move downwards through
the Colony. Its path, therefore, lies through Woodhouse, Tembuland
and the Transkei.

All places east of a line joining Dordrecht with Algoa Bay, have the
maximum eclipse just at sunrise, as also Pondoland, Griqualand East,
Basutoland, and Natal. West of this district the maximum eclipse
1s over before sunrise, and will therefore be of little importance. All
along the central line, or, rather, within the central zone, which includes
Dordrecht, Indwe, Lady Frere, Cala, Engcobo, Tsomo, Clarkebury, and
Idutywa, the rare phenomenon will be witnessed of a sun rising tofally
eclipsed. For although the eclipse is theoretically annular, the ring of
light seen round the moon’s disc is so small, and will be so faint, that -
practically the eclipse is total. The duration of central eclipse is only
forty-five seconds, and some idea may be formed of the velocity with
which the dark shadow sweeps over the earth by observing from the

tables that it takes about fifteen seconds to pass from Dordrecht to
 the sea, equivalent to a velocity of ten miles a second.

The zone of annular eclipse is narrow, being only forty miles wide.



Solar Eclipses visible in South Africa in the Twentieth Century. 99

(8) Annular Eclipse of December 25, 1954.

This annular eclipse crosses the Colony from Hondeklip Bay to
Algoa Bay. The central shadow enters the Colony at Hondeklip Bay
at 5 h. 55 m., morning (G.M.T.), passes eight miles to the north of
Calvinia, seven miles to the south of Iraserburg, four miles to the
north of Beaufort West, and finally passes off the Colony at Bird
Island at 6 h. 6 m., taking eleven minutes to cross the Colony.

The breadth of the zone of annular eclipse is 180 miles ; that is,
within ninety miles on either side of the central line the sun will be
annularly eclipsed. Beyond this zone the eclipse will be partial, and
will be well seen all over the Colony.

Along the central line the duration of annular eclipse will be six
minutes on an average.

The further any place is from this central line, the shorter will be
duration of central eclipse.

The following places lie within the zone of annular eclipse :

Distance Tirfne Difsta,nce Time
[0}

Place. Cf;x?t?a.l Greatest| Place. ngﬁal Gre(;,ftest

Line. |TEclipse. Line. | Eclipse.

Miles. | H. M. Miles. | H. M.

Port Nolloth -| 55 |5 64 |Humansdorp -| 50 |6 4
Ookiep - -| 68 | 5 55 |Cradock - -1 87 |6 5
Clanwilliam - 75 5 56 | Somerset East -| 54 6 5
Calvinia - - 8 | & 67 | Uitenhage - -1 17T |6 6
Fraserburg - 7 | 5 58 |Bedford - -| 65 |6 6
Carnarvon - -| 83 5 59 | Port Elizabeth -| 25 6 7
Victoria West -| 73 6 1 | Fort Beaufort -| 75 6 7
Beaufort West - 4 6 1 |Grahamstown -| 38 6 7
Prince Albert -| 65 6 1 |Lovedale - -l 76 6 8
Oudtshoorn - 83 6 1 |Port Alfred -1 28 6 8
Murraysburg -| 85 |6 2 |KingWm.sTown; 87 |6 8
Graaff-Reinet -| 60 |6 2 |East London -| 89 6 9

(9) Annular Eclipse of January 25, 1963.

This annular eclipse crosses South Africa from Danger Point to St.
Lucia Lake. The breadth of the zone of annular eclipse is only twenty-
eight miles ; the eclipse is therefore just on the border of totality.

Indeed, so narrow will the ring of light round the mocn’s disc be,
that it is probable it will be quite, or nearly, invisible to the naked eye.
The eclipse is therefore practically total.

Points within the central zone are:
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Distance from Time of

i Central Line, Greatest Eclipse.
G.M.T.
Miles. H. M.
Danger Point - - - - 5 2 45
Swellendam - - - - 2 2 47
Ladismith - - - - 7 2 49
Prince Albert - - - - 0 2 50
Middleburg - - - - 8 2 54
Steynsburg - - - - - 3 © 265
Burghersdorp - - - - 4 2 65
Aliwal North - - - - 8 2 56
Herschel - - - - - 2 2 57
Giant’s Kop - - . - 4 2 59
Greytown, Natal - - - 8 3 1
Ulundi, Zululand - - - 5 3 2

The duration of annular eclipse along the central line will be only
forty seconds.

At Cape Town, Stellenbosch, Paarl, Caledon, Bredasdorp, Mossel
Bay, Oudtshoorn, Beaufort West, Murraysburg, Graaff-Reinet, Cradock
Molteno, Weenen, and Pietermaritzburg, the eclipse will be well seen,
more than nine-tenths of the sun’s disc being obscured.

(10) Total Eclipse of November 12, 1966.

The central line of this eclipse passes about 550 miles south of
Cape Colony. Along the south coast the amount of eclipse will be
seven-tenths, being greatest along the coast from Port Elizabeth to
East London. :

At the Orange River the eclipse will be about one half. The eclipse
is greatest in the Colony between four o’clock and a quarter past four.

(11) Annular Eclipse of April 18, 1977.

This annular eclipse passes over the least-known portions of South
Africa during the afternoon of April 18, 1977.

The central line touches South Africa at a point 150 miles north of
Walfish Bay. It then passes north-east through North Damaraland,
Ovampoland ; crosses the Zambesi at Libonta in the Barotse country ;
passes between Lake Moero and Lake Bangweolo ; crosses the Stevenson
Road between Lake Tanganyika and Lake Nyassa, and finally passes

- off the continent a little north of Zanzibar.

At Cape Town the sun will be scarcely half eclipsed, and in the
eastern provinces and in Natal the eclipse will be even smaller.
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Nearer the Orange River the eclipse will, of course, be greater; but
in no part of the Colony will it be a striking one.

(12) Total Eclipse of June 30, 1992.

The central line of this total eclipse passes in a south-easterly
direction about 350 miles out from the Cape of Good Hope. The
eclipse is therefore greatest at the Cape Peninsula, amounting to about
eight-tenths of the sun’s disc.

In the eastern districts the amount of eclipse is one half. The time
of maximum eclipse at Cape Town is 1 h. 33 m., afternoon (G.M.T.).

(13) Total Eclipse of November 3, 1994.

This total eclipse passes almost parallel to the south coast of the
Colony, at a distance of 200 miles.

The northern limit of totality comes nearest to the coast at about
150 miles south of Cape St. Francis. The eclipse will therefore be
greatest at the coast towns. At Port Elizabeth and East London only
a tenth of the sun’s disc will be visible.

At Cape Town the amount of eclipse will be slightly less. In the
districts bordering on the Orange River two-thirds of the sun will
be obscured. At Port Klizabeth the greatest eclipse takes place at
3 h. 6 m. (G.M.T.).

(14) Total Eclipse of August 11, 1999.

This total eclipse will pass about 650 miles south-west of Cape
Agulhas. In the South-western Provinces the amount of eclipse will
be about two-thirds. In the Eastern Provinces the amount will be
less than one half. The eclipse will be greatest in the Colony about
noon (G.M.T.).

APPENDIX.

THE following tables give the direction of the eight eclipses—seven
annular and one total—already referred to as being central in South
Africa.

In the first column is given the hour angle of the sun; in the second,
the duration of central eclipse; and in the others the northern and
southern limits and central line of total or annular eclipse.

As the hour angle of the sun is the apparent local time, the Green-
wich mean time of central eclipse can easily be found by first reducing
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apparent local time to mean local time, and then, the longitude being
known, to Greenwich mean time,

The duration of annular eclipse also indicates, roughly, the breadth
of the annular ring round the moon, for as the moon, on an average,
moves through its own diameter in sixty minutes, the ratio—

Duration of eclipse : sixty minutes
will indicate the ratio of the annular ring to the whole disc.
The central path of the four most important eclipses,

1940, October 1,
1945, January 14,
1954, December 25,
1963, January 25,

have been computed from Oppolzer’s ¢ Syzygien Tafeln fiir den Mond ;
and the central path of the other four,

1900, November 22,

1923, March 17,

1934, August 10,

1977, April 18,
from constants given in Dr. Mahler’s ¢ Die Centralen Sonnenfinsternisse
des XX Jahrhunderts.’

The duration of eclipse, and the northern and southern limits of
central eclipse, have been taken direct from Dr, Mahler’s work, as it
was not considered worth while re-computing them from Oppolzer’s
tables. The limits of central eclipse, and accordingly the duration of
central eclipse, cannot be known with the same accuracy as the central
line, inasmuch as they depend more upon the relative parallaxes and
relative angular diameters of the sun and moon.

At the commencement of each set of positions are the formule used
in computing the central line of total or annular eclipse.

In them, h = sun’s hour angle.

¢ = geographical latitude.
A = longitude.
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Anrular Eclipse, November 22, 1900,

CENTRAL LINE.
Tan A = 9-5878 sin (25126 + h)
Sin (¢, —A) = 9:3861, cos A
¢ = ¢ + 0°096 sin 2 ¢,
A =h + 66°59 + [0'4968] sin ¢; + [1°4600] cos (87°:71 + h) cos ¢,

Hour |Dura-| Northern Limits, Central Line. Southern Limits.
Angle. tion,
¢ A ) h\ ¢ h\
° m. o o 4 o 4 o ’ o 7 ° :
— 8322 49 1- 812 |11 24 E|- 9281|1114 K/ -1046 |11 2FE

82-22 49 83512 17 952112 7 11 9|11 56
81-22 49 8§59 |13 11 1015118 1 11 32 | 12 50
80-22 50 923|114 4 10 38 | 13 54 11 55 | 13 43
7922 50 946 | 14 57 11 2|14 46 1218 | 14 35
78:22 50 1010 | 15 49 11 25|15 38 12 35|15 26
7722 50 10 33 | 16 41 11 48|16 29 13 41618
76-22 51 10 56 | 17 32 12 11 {17 20 132817 9
7522 | 51 11 20 | 18 22 12 35|18 11 13 50 | 17 59
7422 51 11 44 |19 12 125919 0 14 13 | 18 49
7322 51 12 820 1 13 22|19 49 14 36 { 19 37
7222 52 12 32 | 20 50 13 45| 20 38 14 59 | 20 25
71-22 52 12 56 | 21 38 14 8|21 26 1522 |21 13
70-22 52 13 20 | 22 25 14 32 | 22 13 1544122 O
6922 | 52 13 43 | 23 12 14 55,23 0 16 8|22 47
6822 53 14 71|23 59 15 18 | 23 47 16 31| 23 33
67:22 53 14 30 | 24 45 15 41 | 24 32 16 53 | 24 19
6622 53 14 53 | 25 31 16 42518 171625 5
6522 53 1516 | 26 16 16 27 | 26 3 17 38 | 25 50
6422 54 153927 O 16 50 | 26 47 18 126 34
65322 54 16 2|27 44 17 13 | 27 31 18 24 | 27 18
62:22 54 16 25 | 28 28 17 35|28 15 1846128 1
61-22 54 16 48 | 29 11 17 58 | 28 58 19 828 44
60-22 55 17 10 | 29 53 18 20 | 29 41 19 31 | 29 27
5922 55 17 33 { 30 35 18 43| 30 23 195330 9
58:22 55 17 56 1 31 17 19 5131 5 20 14 | 30 51
5722 | 55 18 18 | 31 59 19 27 | 81 46 20 36 | 31 32
5622 56 18 40 | 32 41 19 49 | 32 27 20 58 | 32 14
5522 56 19 2133 22 201033 8 21 19| 32 55
5422 56 1924 |34 2 20 32| 33 48 21 40|33 35
5322 56 19 45 | 34 42 20 53 | 34 28 22 134 5
5222 57 20 7|35 22 2114135 8 22 21| 34 55
51-22 57 202936 1 21 35 | 35 47 2241135 34




124 Anmular Eclipse, March 17, 1923.
CENTRAL LINF.
Tan A = 9'5056 sin (354°°19 + h)
Sin (¢, — A) = 97559, cos A
¢ = ¢, + 0°096 sin 2 ¢,
A =h + 351705 + [0-9507,] sin ¢; + [1-4502] cos (90°52 + h) cos ¢,

Hour Dura-| Northern Limits. ‘ Central Line. Southern Limits.
Angle. tion. % X % X % X
° m. o o o o 7 o 7 o s

2804 911|-2541 1048 E -27 25|11 13 E|—29 9|11 56 K|
29:04 9-1 2522111 20 27 611145 28 50 | 12 10
3004 90 25 311153 26 47 | 12 18 28 31 | 12 44
3104 9-0 24 44 | 12 26 26 28 | 12 50 28 12| 13 17
32:04 89 24 26 | 12 58 26 9113 23 27 53 | 13 50
3304 | 89| 24 8|1331 25 51|13 56 27 35| 14 23
3404 8-8 235014 4 25 32 | 14 29 27 16 | 14 56
35:04 88 23 32 | 14 37 2514 115 3 26 68 | 15 30
36-04 87 2314|1511 24 56 | 15 37 264016 4
37-04 87 22 57 | 15 44 24 38 |16 10 26 22 | 16 38
38:04 86 2240 |16 18 24 21|16 44 26 417 12
3904 86 22 22 116 52 24 411719 2546 | 17 46
4004 85 22 5|17 27 23 46| 17 53 2529 |18 21
4104 85 2148 (18 1 23 29 | 18 28 2512 |18 56
4904 84 21 32|18 36 231319 4 24 55| 19 31
4304 84 211519 11 22 56 | 19 39 24 3820 7
44-04 8-3 20 58 | 19 47 22 39 |20 15 24 21 | 20 43
4504 8-3 20 42 | 20 24 22 23 | 20 52 24 512120
46-04 82 2026 21 1 22 712128 23 49 | 21 56
4704 82 20 11 | 21 37 21 52122 5 23 34| 22 84
4804 81 19 56 | 22 15 21 36 | 22 49 2318123 11
4904 81 19 40 | 22 52 21 20 | 23 20 23 2123 49
5004 80 19 25 | 23 30 21 5|23 58 22 47 | 24 26
5104 79 1911 (24 8 20 50 | 24 36 2232125 5
52:04 7-9 18 56 | 24 47 2036 {2515 22 17 | 25 44
53:04 78 18 42| 25 27 202212555 | 22 226 24
54:04 77 182926 7 20 826 34 21 49127 4
5504 79 18 15| 26 47 19 54 | 27 14 21 35 | 27 44
5604 76 18 1|27 28 19 40 | 27 55 21 21 |28 25
5704 75 174828 9 19 27 | 28 37 21 8129 6
58-:04 75 17 35 | 28 50 19 14|29 18 20 55| 29 47
5904 74 17 23 | 29 32 19 2130 0 20 43 | 30 29
6004 73 17 11 {30 15 18 50 | 30 43 20 313111
61:04 5] 16 59 | 30 58 18 38 | 31 26 2019 | 31 55
6204 72 16 48 | 31 42 1826 (32 9 20 7132 38
6304 71 16 37 | 32 26 18 14 | 32 53 19 55 | 33 22
6404 70 16 26 | 33 10 18 3|33 38 1944 134 7
65:04 70 16 15| 33 55 17 53 | 34 23 19 33 | 34 52
6604 69 16 5|34 41 1743|135 8 19 23 | 35 37
6704 68 15 55 | 35 27 17 33 | 35 55 19 13 | 36 23
68-:04 67 1545 | 36 14 17 23 | 36 42 19 2137 10
69:04 | 66 15385137 1 17 13137 29 18 52 | 37 57
7004 66| 152613749 17 43816 18 43 | 38 45
71-:04 65 1516 | 38 37 1655139 5 18 34 | 39 34
72:04 64 15 9|39 26 16 46 | 39 54 18 26 | 40 22
73:04 64 15 14016 16 38 | 40 43 1818|4111
74:04 63 1453141 6 16 30 | 40 33 18 042 O
75-:04 62 14 46 | 41 57 16 32 | 42 23 17 42| 42 50
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CENTRAL LINE,
Tan A = 9:7250 sin (147°-81 + h)
Sin (¢; — A) = 9-8918, cos A
¢ = b, + 07096 sin 2 ¢,
A =h 4 51°82 + [1'0507] sin ¢; + [1-4374] cos (96°:66 + h)cos ¢,

Hour |Dura-| Northern Limits. Central Line, Southern Limits.
© Angle, tion. ¢ X ¢ X P X
Ui / ° / o / oy o 4 o ¢
—64°35 56 1-1426| 7 618 -1550| 641K -1714| 6151
63-:35 55 14 22| 7 52 1546 | 7 27 1710 7 2
62-35 55 14 19| 8 37 1543 | 813 17 7| 747
61:35 56 1416 | 9 22 1540 | 8 58 17 4| 832
6035 56 14 15|10 6 1538 | 9492 17 1] 917
59:35 56 14 14 |10 50 15 37 | 10 26 17 0110 1
58:35 57 14 14 | 11 33 1536 |11 9 16 59 | 10 44
5735 57 14 14 112 16 15 36 | 11 52 16 59 | 11 28
5635 o7 14 15|12 58 15 37 | 12 34 16 59 | 12 10
5535 57 14 16 | 13 39 1538 {13 16 17 0112 52
5435 58 14 19 | 14 20 15 40 | 13 57 17 113 33
5335 58 142115 O 15 42| 14 37 17 4|14 14
52:35 58 14 25 | 15 40 1546 1 15 17 17 7|14 54
51-35 59 14 29 | 16 19 1549 | 15 56 17 10| 15 34
5035 59 14 34 | 16 58 15 54 |16 35 171416 13
49-35 59 14 40 | 17 37 15569 |17 14 17 19116 52
48:35 60 14 46 {18 15 16 5|17 52 17 25|17 30
47-35 6:0 | 14 52|18 52 16 11 {18 29 173118 7
4635 60 15 01928 1619119 7 17 38| 18 44
4535 61 15 8120 5 16 26 | 19 43 17 46 | 19 21
44-35 6:1 1517 | 20 40 16 35|20 19 17 55| 19 57
43:35 61 1526 {21 16 16 44 | 20 55 18 3120 33
42:35 61 1536 | 21 51 16 53 | 21 30 181321 8
41-35 61 15 47 | 22 26 17 4122 5 18 23| 21 44
4035 62 1558123 O 17 15| 22 89 18 84 | 22 18
39:35 62 1610(2334 |-1727 (2313 18 45 | 22 52
38:35 62 1623|124 7 17 40 | 23 47 18 57 | 23 26
3735 | 6:2 16 37 | 24 40 17 52| 24 20 19 10 | 23 59
3635 63 16 50 | 25 13 18 624 53 19 23 | 24 32
3535 63 17 52545 18 20 | 25 25 1938|125 5
34-35 .| 63 17 19|26 17 18 35| 25 58 19 53 | 25 37
33:35 63 17 34 | 26 49 18 50 | 26 29 20 9126 9
32:35 63 17 50 | 27 20 19 6127 1 20 26 | 26 41
31:35 64 18 7|27 52 19 23 | 27 32 20 44 | 27 12
30-35 6:4 | 18 23|28 23 19 41128 4 21 127 43
2935~ | 64 18 41 | 28 53 19 59 | 28 34 211928 14
28:35 64 18 59 | 29 23 2018129 5 21 35 | 28 45
27:35 64 19 18 | 29 54 20 37129 35 21 58 | 29 16
26:35 6:5 19 37 | 30 24 2056|130 5 22 18 | 29 46
25:35 65 19 57 | 30 53 21 17|30 35 2238|3015
24-35 65 20 17 | 31 23 213831 5 23 03045
23-35 6:5 20 39 | 31 52 22 03134 2322|3115
22-35 65 21 13222 2222132 4 23 44 | 31 44
21-35 66 21 23 | 32 51 22 44 | 32 33 24 713213
20-35 6:6 21 46 | 33 19 23 8133 2 24 31| 32 42
19:35 6:6 22 913348 23 32| 33 31 24 55133 11
18-35 6:6 22 53 | 34 16 23 56 | 33 59 25 20 | 33 39
- 1735 | 66| 23373444 | 2491|3497 | 2545|834 7
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Total Eclipse, October 1, 1940.

CENTRAL LINE.

Tan A = 95096 sin (190°°14 + h)
Sin (¢; — A) = 9:4372 cos A

b = ¢; + 0°°096 sin 2 ¢,
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A = h + 346°-38 + [0-88733] sin ¢; + [1:38901] cos (88°97 + h) cos ¢

CENTRAL LINE.
Tan A = 9:6027 sin (281°51 + h)
Sin (¢; — A) = 97249, cos A

¢ = ¢, + 0°096 sin 2 ¢,
A =h + 106°-80 + [0°2694,] sin ¢, + [1°4317] cos (91°:55 + h) cos ¢,

Hour |Dura-}] Northern Limits. Central Line. Southern Limits.
Angle. | tion.
¢ N ¢ A ¢ N

m. o / o / o / o/ o / o ‘
5014 | 42 |—-80 6|1637E(-31 2|1640E|-3159 |16 42 E
5114 49 30 15|17 23 3111 17 26 32 711729
5214 41 30 23|18 10 3119|1813 321411816
5314 41 30 30|18 56 312619 O 3221119 3
5414 40| 3038|1943 31 33|19 47 32 928 |19 50
5514 40 30 45 | 20 31 31 40 | 20 34 32 35 | 20 37
5614 39 30 52|21 19 3147 | 21 22 32 42 | 21 25
5714 3-8 3056922 7 3154|2211 3249|2214
5814 3-8 31 62255 32 012259 325423 2
59-14 37 3112 |23 43 32 52348 32 59 | 23 50
60 14 37 31 18 | 24 32 32 11 | 24 37 33 5|24 39
61:14 36 31 23 | 25 22 32 17 | 25 26 3310|2529
62:14 36 3129|2612 32 22 | 26 16 33 14 | 26 20
6314 35 313427 1 322627 7 3319|2710
6414 35| 813827 52 32 31 | 27 57 332328 1
65:14 35 31 43 | 28 42 32 35 | 28 47 33 27 | 28 52
66°14 34| 3147|2933 32 39 | 29 38 3331|2943
67-14 34 31 51|30 24 32 43 | 30 30 3335|3035
6814 33 3155|3116 32 47 | 31 22 33 38|31 26
6914 33 315932 8 32 50 | 32 14 3340|3219
70-14 33 32 3133 1 32562133 7 33 43| 33 12

Annular Eclipse, Januory 14, 1945.

Hour |Dura-|] Northern Limits, Central Line. Southern Limits,
Angle. | tion.
) A ¢ A ¢ A
m. o 7 o / o 7 o / o / o 7
10365 | 009 |—3058 2647 E|—-381 18 |26 43 E| -31 38 |26 38 &

10265 | 09 31 23 | 27 47 31 42 | 27 43 32 1|27 38
10165 | 09 31 47 | 28 46 32 62841 32 25 | 28 37
100-65 | 09 321229 44 32 30 | 29 38 32 48 | 29 36
9965 | 09 32 36 | 30 43 32 53 | 30 38 33 11 | 30 34
9865 | 09 33 013141 33 17 | 381 37 33 34 | 31 32
9765 | 09 33 23 |32 38 33 40 | 32 34 33 57 |32 30
9665 | 09 33 47 | 33 35 34 43331 34 20 | 33 27
9565 | 09 3411 |34 31 34 27 | 34 27 34 43 | 34 23
94:65 | 09 34 34| 35 27 34 50| 35 23 36 713519
93:65 | 0:9 34 57 | 36 22 3514|3619 3631|3615
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Anmular Eclipse, December 25, 1954.
CENTRAL LINE.

Tan A = 965797 sin (287°31 + h)
Sin (¢; — A) =9-45668 cos A
b = ¢, + 07096 sin 2 ¢,

A =h + 65°68 + [0'51674,] sin ¢; + [1'46332] cos (92°:82 + h) cos ¢,

Hour Dura-{ Northern Limits. Central Line. Southern Limits.
Angle. tion.
¢ A ¢ A ¢ ; A
° m. o / o ) o U o ’ o i ° :
- 7817 58 |-2722114 0E|-2848|1345E/-3014 1329 E

7717 58 27 44 | 14 49 29 9|14 34 303514 19
76°17 581 28 51538 29 30 | 15 23 30 55 | 15 7
7517 59 28 26 | 16 26 29 50 1611 3115115 55
7417 59 28 47 | 17 14 3011 | 16 59 3135116 43
7317 59 20 7118 2 30 31 | 17 46 8155 |17 31
7217 59 29 27 | 18 49 30 50 | 18 34 3214|1818
7117 60 29 46 | 19 35 31 91921 3232 19 b
7017 60 30 5120 22 3128 20 7 32 51119 52
6917 60 3024121 8 31 46 | 20 53 33 92038
6817 60 3043|2155 | 32 42140 3326 21 24
6717 6:1 31 12241 32 22122 25 33 44 | 22 10
6617 61 3119 | 23 26 3240 | 23 10 34 1]2255
6517 61 3136|2410 32 57 | 23 55 34 17 | 23 40
64-17 62 3153 | 24 55 3314 | 24 40 34 34 | 24 24
6317 62 3210 | 25 39 3330|2524 34 50|25 8
62-17 62 32 27 { 26 23 334626 8 35 b ‘ 25 53
61-17 6:3| 3243|127 7 34 2 | 26 52 35 21 | 26 37
60-17 63| 3259|2751 34 17 | 27 36 35 36 | 27 20
59-17 6:3 | 331428 34 34 322819 355128 4
58:17 64| 38329|29 17 3447129 2 36 5 ‘ 28 47
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Annular Eclipse, January 25, 1963.
CENTRAL LINE.
Tan A = 9'57897 sin (294°:04 + h)
Sin (qbl - A) = 971839 cos A

¢; + 0°096 sin 2 ¢;
A=h+338°69 + [0 56628] sin 2 ¢; + [1° 42982] cos (92° 72 + h) cos ¢,

Hour |Dura-| Northern Limits. Central Line. Southern Limits.
Angle. tion. ’
¢ A ) A ) Y

o Ul o / ) [ o / o ‘ o i ) /
5497 | 05 |-8582|1717E|-3540 17 18E|-38547 | 1720 K
5597 |05} 35 9|1759 3518 18 O 852618 2
0697 | 05| 3447|1840 34 56 | 18 42 35 5|18 44
d797 | 05| 3425[1922 34 35 19 25 3444 {19 27
o897 1 05| 34 3|20 5 3413120 7 34 22120 10
0997 | 05| 3341 2048 38 61 | 20 50 34 12052
6097 | 05 3319|2131 3329 | 21 33 33 38| 21 55
6197 | 06| 8256|2214 33 T 2216 3316|2219
6297 | 06 8233|2257 3244 123 0 325523 3
6397 | 06 | 32102341 32 22 123 44 32 32| 23 47
64:97 | 06 ] 3147|2426 3159 | 24 28 32 92431
6597 | 06| 3125|2510 31 37 | 256 13 3147|2516
6697 | 06 ] 31 2|2555 31 14 | 25 58 3125126 1
6797 | 06| 3038|2641 30 50 | 26 44 31 22647
6897 | 06 ] 3015|2726 30 28 | 27 30 30 39 | 27 33
6997 | 07| 2952|2813 30 512816 3016|2819
7097 | 07| 2928|2859 29 42 129 2 20563129 5
7197 |07 ) 29 52946 2919 | 29 49 29 31 | 29 52
72:97 1'0-7 ] 2841|3033 28 95 | 30 36 29 813039
7397 |07 ] 2818|3120 28 32 | 31 24 28 45 | 31 27
7497 | 07| 2755|132 8 28 913212 28 22 | 32 16
7597 | 07| 2731|3257 2746 |33 1 275933 4
7697 | 08| 27 73346 27 22 | 33 50 27 87| 33 53
7797 |08 ] 2644 (34 35 26 59 | 34 39 27 13 | 34 43
7897 |08 ] 26213524 26 35 | 35 28 26 49 | 35 33
7997 | 081 2558|3613 26 11 | 36 17 26 25 | 36 23
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Annular Eclipse, April 18, 1977.
CENTRAL LINE.

Tan A = 95275 sin (3486 + h)
Sin (¢; — A) = 96229, cos A

¢ = ¢, + 0°096 sin 2,

A =h + 21°80 + [0.8755,] sin ¢, + [1°4532] cos (87°'08 + h) cos ¢,

Hour Dura-| Northern Limits. Central Line. Southern Limits.
Angle. | tion.
¢ A ¢ A ¢ )y
o m. o 1 o 1 ) ’ o 7 o I o 1
- 2348 6:31-1959 | 1245E|-21 2|1248E!/-22 51252 E
292:48 6°3 19 38 113 19 20 41 | 13 22 21 45 113 26
2148 63 1917 | 13 52 20 20 | 138 55 21 25|13 59
20-48 63 18 57 | 14 256 20 01429 21 4|14 32
19-48 6'3 18 37 | 14 58 194015 2 2043 (15 5
1848 64 1817 (15 31 191915 35 20 23 115 39
1748 64 1757116 3 185916 7 20 3 (1611
16-48 64 17 38|16 35 18 40 |16 39 19 43 | 16 43
1548 64 1718 |17 6 1820 (17 11 19 23 | 17 16
14-48 65 16 58 | 17 38 18 0|17 43 19 38|17 47
1348 65 1638 |18 9 17 40 {18 14 1843 (1819
12-48 65 16 19 | 18 40 17 20 | 18 45 18 23 | 18 50
1148 65 16 0|19 11 17 111916 18 419 22
1048 66 1541 |19 41 16 42 | 19 47 17 44 119 52
9:48 66 1522120 11 16 23 | 20 17 17 25 | 20 22
848 66 15 22041 16 4|20 47 17 612053
748 66 14 43|21 11 15 44 121 17 16 47 | 21 23
648 66 14 25 | 21 40 15 26 | 21 47 16 28 | 21 53
548 67 14 712210 15 7122 17 16 92223
4:48 67 1349 | 22 40 14 49 | 22 46 15 51 | 22 53
3-48 67 133028 9 14 31 |23 16 15 32 | 23 23
248 67 1312} 23 38 14 13 | 23 45 15 14 | 23 52
1-48 67 1254124 7 13 55|24 14 14 56 | 24 23
-048 6-8 12 37 | 24 35 13 37 | 24 43 14 38 | 24 51
+0:562 68 1219|125 4 1319 |25 12 14 21 | 25 20
1:52 68 12 2125 33 13 212541 14 42550
2-52 6-8 1146 |26 2 1246 | 26 10 1347 (2619
3:52 68 11 29 | 26 31 12 29 | 26 39 13 30 | 26 47
4-52 69 11 12| 26 59 1212 {27 8 1313|2716
552 6:9 | 106527 27 11 56 | 27 36 12 56 | 27 45
652 69 10 40 ' 27 56 114028 5 1241|128 14
752 | 69 10 24 | 28 24 11 25| 28 34 12 25| 28 43
8:52 69 10 812852 11 9129 2 1210 (29 11
9:52 69 9562129 20 10 53 | 29 30 11 54129 39
10-52 70 9 87|29 47 10 38| 29 57 114030 7




